Introduction
The first statement only applies to monocentric organisms.
Second sentence: centromere-specific nucleosomes do not all contain CENP-A, there are H3-containing nucleosomes that are centromeric.
Results

Major:
The data on dimerization are suggestive but non conclusive. In vitro direct interaction between two HJURP molecules (or at least the C-terminal fragment) must be demonstrated.
The dimerization experiment in figure 5 is not explained sufficiently in the text and in the material and methods. Is the 1-482+DD construct an HJURP fragment fused to the lac repressor or part of the lac repressor? Did the authors check that it actually dimerized? Minor:
First sentence of the first results section: the authors are merely testing whether these constructs localize to centromeres, not whether they are recruiting the CENP-A prenucleosomal complex there.
Complementary not complimentary (several places in the manuscript).
"The dependence of HJURP482-end on endogenous HJURP for its recruitment is consistent with dimerization of HJURP occurring at centromeres". How do they know that? Why couldn't dimerization occur prior to centromere recruitment?
The description of experiment in Figure S4C -G in the main text: are they using RFP-CENP-A or mCherry-CENP-A? they are both mentioned here.
Discussion
A whole section is repeated twice ("several histone chaperones including ASF1....") Specific points by figure: Figure 1 No bars on images.
Are the data in B and C average of 2 experiments? one experiment?
What are the error bars in B?
Why is the 1-482 construct missing from the graphs in B and C?
The images of the truncation tests need to point out the centromere that is being magnified.
In the main text, I don't think it is necessary to suggest that HJURP can be recruited through more than one mechanism because the first HCTD alone could be involved in centromere targeting. In D GFP-HJURP 1-348 must be included as a control in the GFP IP.
E should be moved to supplemental. S2A should be included here. The authors must do a better job of explaining these results in the text. How does full length HJURP localize to the centromere in the absence of CENP-A?
What is shown in E? The text talks about 348-608 being 1.5x more intense than 348-555. What is the meaning of the intensity ratio upon HJURP RNAi? This is not discussed in the text.
Also, note that the main text refers to a figure 4F that doesn't exist. Why isn't the data shown in one panel for all constructs in A and D and why isn't intensity of GFP fragments at centromeres quantified for all constructs? The D panel seems redundant and has no reason to be standing alone.
The left panel in A is the same experiment of figure 1. There is no need for the data to be repeated and the GAPD siRNA and HJURP RNAi can replace figure 1. The manuscript from Zasadzinska et al reports a nice dissection of the centromeric histone (CENP-A) chaperone HJURP in human cells in culture. The senior author initially discovered HJURP and in a prior study his group showed that tethering HJURP using LacI-LacO was sufficient to load CENP-A at non-centromeric regions. Much recent progress has been made on the CENP-A -HJURP/Scm3 (the yeast ortholog) interaction, including crystal structures of the CENP-A/H4 dimer with a small conserved domain of HJURP (the Scm3 domain) that recognizes a specific region of CENP-A (referred to as at the CENP-A Targeting Domain or CATD). While these biochemical/structural studies have advanced mechanistic understanding, much of HJURP remains uncharacterized. Here the authors use different assays to dissect HJURP function, specifically focusing on 2 recently duplicated C-terminal domains in mammalian HJURPs (in other vertebrate species there is only one such domain). Using LacI-based tethering, in vitro biochemistry and analysis of CENP-A loading using SNAP-based quench-pulse-chase, the authors demonstrate an essential role for dimerization mediated by a C-terminal segment (HCTD2) of HJURP in centromeric chromatin assembly. Overall, the experiments are well-executed and provide an important contribution to the field -they also potentially have implications for the physiological CENP-A containing unit that is assembled at centromeres. While the manuscript is potentially suitable for publication in EMBO Journal, several issues need to be addressed which will require additional effort and are described below. 1) A key conclusion is that the function of HCTD2 is to mediate dimerization. The most stringent functional evidence for this is based on replacing this segment with LacI engineered to form a stable dimer. However, the data on this is not convincing. First, the control siRNA in the cells expressing this artificial dimer show reduced percent cells incorporating CENP-A -is this a dominant negative effect? Second the amount of CENP-A incorporation looks much worse than the control and almost similar to the non-functional fragments. The conclusion that this artificial dimer restores CENP-A incorporation appears premature given the presented data. Either the authors need to try another dimerization domain or minimally accurately report the amount of new CENP-A incorporation by quantifying intensities and assessing why the fraction of cells incorporating CENP-A drops in this mutant.
2) Fig S3 in my view is critical for interpretation of various experiments presented in the paper. I do not like this type of data being relegated to the supplement. Wherever specific deletions/fragments are tested, the expression level of the control and the altered forms of HJURP in the experiments should be shown together with the analysis of the results to aid interpretation. This figure is also very difficult to go through and would benefit from some effort to restructure.
3) While the authors suggest a function for HCTD2, the analysis of HCTD1 is limited. They show that a region that includes HCTD1 and extends past it is involved in centromere targeting independently of dimerization and CENP-A binding. I would recommend testing a couple of additional constructs to assess whether this is a property of HCTD1 or of the region between HCTD1 and HCTD2 as this will be of considerable interest. 4) A major complaint about the manuscript is that it is very poorly put together with numerous typos (I had initially started documenting specific errors but eventually gave up as there were too many to list) One egregious example is a long paragraph in the discussion that is entirely replicated at the end, suggesting that no proofreading was done and the submission was hastily assembled. The authors need to take considerably more care preparing and submitting a revised manuscript as the poor presentation significantly detracts from their findings. In this manuscript the authors use cell biology and biochemistry to show that there is a region in the C terminus of HJURP that promotes dimerization, and furthermore, that this domain is necessary for CENP-A deposition. Major 1. In figure 1 , the authors show that the HJURP is enriched at centromeres in G1. What is the significance of this result? The authors should explain.
2. For figure 2 it would be good to show a fusion that is not expected to be recruited to the array, such as 1-348, to demonstrate specificity for the assay 3. I have some concerns about all the fusion proteins used, such as lacI, GFP, mCherry, etc. How do we know that these additional peptides are not influencing the activity of HJURP? 4. I think the manuscript would be strengthened by experiments that demonstrate that the dimerized form HJURP binds to two molecules of CENP-A. For instance, a version of HJURP with the dimer domain should be associated with two molecules of CENP-A, whereas a version of HJURP without the dimer domain should be associated with a single molecule. This could be done in Figure 3 by assembling complexes with two different epitope tags on CENP-A, pulling down one and probing for the other.
5. Figure 6 , the legend is inadequate. There is no reference to the grey ellipse with the X. The authors do not explain that the grey nucleosomes are H3 nucleosomes.
6. In the discussion, the authors make an assumption that might not be correct. Just because the formation of CENP-A nucleosomes requires the dimerization interface, this does not necessarily mean that HJURP deposits an octasome. In fact, the authors make the point that given the way that HJURP binds to CENP-A, CENP-A should not be able to dimerize in the context of HJURP. Mutations that affect the dimerization domain of CENP-A may not affect the binding to HJURP, this could be tested. Minor 1. Figure 5 , the graph shows 201-end but the micrograph shows 202-end, please reconcile.
2. There are a lot of typos in the manuscript. There are many more than listed below, these are examples.
Intro "network of and " "octamer" should be "octasome"
Comma after heterodimeric
Results "using an as a" Methods "with for"
Next paragraph has double periods, "integrated intentsities" should be "integrated intensities," "and . We appreciate the insightful and constructive comments by the reviewers who found our study of HJURP dimerization and its functional consequences to be of significant interest to the field and potentially suitable for publication in EMBO Journal. The comments by the reviewers were largely focused on technical issues and issues with the manuscript preparation. Our data provide several biochemical and cell biological approaches to describe the dimerization of HJURP and how the formation of the HJURP dimer influences CENP-A deposition. In this revised manuscript we provide several new pieces of data to support our hypothesis. All three reviewers asked for in vitro pull-down experiments to more fully address the direct interaction between HJURP C-termini, which we provide in the revised manuscript ( Figure 3 ). These data combined with hydrodynamic analysis provide a strong basis to support the formation of an HJURP dimer. In addition, we provide additional evidence that the C-terminus forms a dimer in cells. The manuscript was reorganized to avoid redundancy and increase clarity. Figure 1 and 4 of the original manuscript have been combined into a single figure (figure1). The in vitro data have been consolidated into figure 3, and the analysis of the prenucleosomal complex is the new figure 4.
Referee #1: The manuscript by Zasadzinska et al. investigates the protein sub-regions involved in the centromere-targeting of HJURP, the CENP-A specific assembly factor, and provide evidence that HJURP dimerizes and that this dimerization is critical for CENP-A recruitment. These findings will very interesting to the field and they are appropriately discussed in the context of the two CENP-A nucleosome models (octamer and hemisome). The main issue I have is that the authors show data consistent with dimerization but they do not prove direct dimerization of two HJURP molecules in vitro.
New experiments in the revised manuscript directly address the reviewer's main issue. We conducted in vitro pull-down experiments using two differentially tagged (His and MBP) HJURP 482-end proteins. We observe the co-purification of the HIS-HJURP 482-end with MPB-HJURP 482-end when we purify the complex by MBP. These new data combined with the previous hydrodynamic analysis that determine the native molecular weight of the amino terminus as twice the monomeric size make a strong case that C-terminus of HJURP forms a dimer.
In addition, the manuscript is not sufficiently clearly written, contains several typos and lacks sufficient experimental detail and explanations of what is being tested with each experiment. I also think that some of the data is redundant and that, if reorganized, the manuscript would be more appropriate for a short report.
We have taken the reviewer's comments into account and reorganized the manuscript significantly. We eliminated redundancy in the manuscript by combining Figures 1 and 4 from the original manuscript into a single figure (Figure 1 ). We have provided additional experimental details at several points in the manuscript to better explain our approach.
Introduction
We have modified this sentence to be inclusive of organisms that do not have monocentric chromosome.
Second sentence: centromere-specific nucleosomes do not all contain CENP-A, there are H3-containing nucleosomes that are centromeric.
The reviewer is correct that histone H3 nucleosomes occupy centromere regions of regional centromeres in addition to the centromere specific CenH3. However, we feel that that statement that all eukaryotic centromeres contain a CENP-A nucleosomes is correct. But not all centromeric nucleosomes are CenH3/CENP-A. We have reworded the introductory paragraph to be more accurate on this point in accordance with the reviewers comment.
Results
Major: The data on dimerization are suggestive but non conclusive. In vitro direct interaction between two HJURP molecules (or at least the C-terminal fragment) must be demonstrated.
In response to the reviewers major concern we conducted an in vitro pull-down experiment using two differently tagged HJURP 482-end protein. These data are presented in figure 3 . Pull-down of MBP-HJURP482-end with amylose beads (binding the MBP) co-purified His-HJURP 482-end . These data are consistent with our hypothesis that the C-terminus of HJURP mediates dimerization.
The dimerization experiment in figure 5 is not explained sufficiently in the text and in the material and methods. Is the 1-482+DD construct an HJURP fragment fused to the lac repressor or part of the lac repressor? Did the authors check that it actually dimerized?
To determine if the exogenous DD domain conferred dimerization of the construct we examined the migration of the HJURP1-482+DD construct by size exclusion chromatography. While the HJURP1-482 fragment behaves consistent with a monomer, the HJURP1-482+DD expressed construct separated as a larger protein with a native molecular weight of a dimer. These data are presented in Figure S5B ,C. We have added additional experimental details to the materials and methods to explain how the LacI-fusion was constructed.
Minor: First sentence of the first results section: the authors are merely testing whether these constructs localize to centromeres, not whether they are recruiting the CENP-A prenucleosomal complex there.
This is good point made by the reviewer; we have only tested the recruitment of HJRUP. The statement has been revised.
Complementary not complimentary (several places in the manuscript).
We thank the reviewer for the careful read of the manuscript. This correction has been made.
"The dependence of HJURP482-end on endogenous HJURP for its recruitment is consistent with dimerization of HJURP occurring at centromeres". How do they know that? Why couldn't dimerization occur prior to centromere recruitment?
We agree that HJURP dimerization occurs in both the soluble prenucleosomal form and when HJURP is present at the chromatin. Indeed, figure 1 shows dimerization at chromatin and figure 4 demonstrates that HJURP does dimerize when it is soluble. We did not intend the statement to imply that dimerization was initiated at chromatin. We have reworded the statement to say only that "recruitment is consistent with dimerization of HJURP at centromeres". Figure S4C -G in the main text: are they using RFP-CENP-A or mCherry-CENP-A? they are both mentioned here.
The description of experiment in
We apologize for the confusion. mCherry-CENP-A is used exclusively in our experiments. We have corrected the text.
Discussion
A whole section is repeated twice ("several histone chaperones including ASF1....")
The duplicate paragraph has been deleted. 
Are the data in B and C average of 2 experiments? one experiment?
Data in 1B represents the average of two independent experiments. These data have been incorporated into the text and the replicate number noted. The data from 1C have been removed from the revised manuscript.
What are the error bars in B?
Error bars represent the standard deviation between experiments.
Why is the 1-482 construct missing from the graphs in B and C?
The reviewer is correct that the 1-482 was not included in the graph. However, the 1-482 construct was counted in the GAPDH condition in figure 4 of the original manuscript. Because there was some redundancy in the data (as pointed out by reviewer 1) we have removed the graph in figure 1B from the revised manuscript. The same analysis can be found in the GAPD siRNA treated condition in figure 1G of the revised manuscript.
The images of the truncation tests need to point out the centromere that is being magnified.
The revised manuscript includes boxes around all centromeres that have been magnified.
In the main text, I don't think it is necessary to suggest that HJURP can be recruited through more than one mechanism because the first HCTD alone could be involved in centromere targeting.
We agree, the first HCTD is at least part of the centromere-targeting motif and the second HCTD mediates dimerization. We have stated this hypothesis more explicitly in the revised text. We expect targeting of HJURP full-length or 352-end would recruit endogenous HJURP, as it does the full length GFP-HJURP. The C-terminus (352-end) is sufficient to mediate the recruitment of the GFP-tagged HJURP C-terminus (452-end). Recruitment of HJURP-1482 to the array is nominal. If GFP-HJURP fragments are recruited dependent on endogenous HJURP they would be predicted to interact using the identical C-terminal domain.
The bait fragment test should include 1-348 to show that dimerization does not occur through the Nterminus of HJURP.
The LacO interaction assay in the revised manuscript ( Figure 2B,D) includes an additional control that addresses the reviewer's concern. We included a GFP-HJURP that encompasses amino acids 1-482 as a prey. We felt that although the reviewer suggested a very good control (a.a 1-348) the 1-482 was the best negative control for this experiment because it includes all of the amino acids outside of the dimerization domain (482-end). Consistent with our hypothesis, the 1-482 fragment fails to be efficiently recruited to the array by full-length HJURP or the 352-end fragment. We conclude that 482-end is the major region that mediates HJURP self association. The revised manuscript includes an independent GFP-IP using the HJURP 1-482 , which includes all the amino acids outside of the dimerization domain and shows no interaction with full-length HJURP ( Figure S3D ). These data are consistent with LacO assays and centromere recruitment assays which show that dimerization is restricted to the HCTD2 containing domain. We moved the data from figure 3E to Supplemental figure S3C. And we have moved the sucrose gradient sedimentation from figure S2A to figure 4B. In addition, we have included a table that summarizes the hydrodynamic data from independent experiments.
Figure 4 B part of the centromere localization Yes/No outcome is missing.
In the revised figure set all localization out comes are listed.
The authors must do a better job of explaining these results in the text. How does full length HJURP localize to the centromere in the absence of CENP-A?
The reviewer brings up an interesting point that is not we documented in the literature. Knockdown of HJURP and Mis18 reduce CENP-A levels at centromeres; however, reducing HJURP as we have done in figure 4, does not change Mis18 levels appreciably (Barnhart et al. 2011) . And since Mis18 recruits HJURP, we do not expect HJURP recruitment to be affected by the initial changes in CENP-A deposition over the 48 hours in which the experiment was done. A similar non-correlation has been described for the reduction of CENP-C when CENP-A is suppressed. The hand-waving explanation has been that a small "privileged" fraction of CENP-A nucleosomes contribute to centromere assembly, and apparently Mis18 recruitment. It is a very interesting question, but not one that we are not able to address within the confines of this manuscript.
What is shown in E? The text talks about 348-608 being 1.5x more intense than 348-555. What is the meaning of the intensity ratio upon HJURP RNAi? This is not discussed in the text. Also, note that the main text refers to a figure 4F that doesn't exist. Why isn't the data shown in one panel for all constructs in A and D and why isn't intensity of GFP fragments at centromeres quantified for all constructs? The D panel seems redundant and has no reason to be standing alone. The left panel in A is the same experiment of figure 1. There is no need for the data to be repeated and the GAPD siRNA and HJURP RNAi can replace figure 1.
We apologize that the intensity analysis we unnecessarily confusing and not well described in the original manuscript. A quantitative comparison of the degree of recruitment across all the HJURP constructs is hampered by significant differences in their transient expression levels (see figure 1D) . We find that expression of the full-length HJURP is highly variable, with some cells showing excessively high levels of HJURP and some vanishingly small. On a population basis full length HJURP does not transfect well. In the revised manuscript we directly compare the intensity of HJURP fragments that contains only the dimerization domain (482-end), only the direct targeting domain (348-555) or both (352-end). Their expression was roughly equivalent by western blot. We felt this was the most straightforward test of the hypothesis that constructs which recruit through both dimerization and direct centromere targeting should be brighter than those recruited through a single mode. We find the GFP-signal from the fragment containing both domains is ~1.5x times as intense as the fragments containing either single domain, consistent with dimerization (see figure 1H of the revised manuscript).
We have corrected the reference to non-existent figure 4F . This should have referred to figure 4D ,E.
In accordance with the reviewer's suggestion, we have combined the data from figure 4B and 4D into a single panel. These data are now part of figure 1 in the revised manuscript. The two panels in the right-hand corner of Figure 5B show the recruitment of new CENP-A to two different centromeres. Theses two examples are clearly labeled in the revised figure.
Referee #2): 1) A key conclusion is that the function of HCTD2 is to mediate dimerization. The most stringent functional evidence for this is based on replacing this segment with LacI engineered to form a stable dimer. However, the data on this is not convincing. First, the control siRNA in the cells expressing this artificial dimer show reduced percent cells incorporating CENP-A -is this a dominant negative effect? Second the amount of CENP-A incorporation looks much worse than the control and almost similar to the non-functional fragments. The conclusion that this artificial dimer restores CENP-A incorporation appears premature given the presented data. Either the authors need to try another dimerization domain or minimally accurately report the amount of new CENP-A incorporation by quantifying intensities and assessing why the fraction of cells incorporating CENP-A drops in this mutant.
In accordance with the reviewer's suggestion, we provide direct quantitation of the amount of new SNAP-CENP-A recruitment in our knockdown/replacement experiment as part of the revised manuscript. These data fully support our hypothesis that the dimerization domain of HJURP is required for CENP-A deposition. The new quantitation is presented in Figure 5D and replaces the original quantitation (Supplemental figure 3A) . We observe a significant reduction of new CENP-A assembly at centromeres when HJURP siRNA treated cells are transfected with the dimerization domain mutant of HJURP (HJURP 1-482 ), consistent with our original results. We are able to rescue the loss of CENP-A deposition in siRNA treated cells by the expression full-length HJURP, although we see a slight reduction compared to the GAPD. The HJURP 1-482+DD artificial dimerization domain construct is able to rescue the loss of endogenous HJURP to the same degree as wild-type HJURP. These data suggest that the artificial dimerization domain mutant functions as well as full-length HJURP. We do not observe the same dominant negative effect of dimerization domain containing protein when we examined individual centromeres.
Per the suggestion of the reviewer, we assembled a second artificial dimerization domain-containing construct using the dimerization domain of Gcn4 from yeast. However, this construct proved to be highly toxic to the cells. The toxicity of the Gcn4 containing construct precluded us from analyzing the deposition of CENP-A.
2) Fig S3 in my view is critical for interpretation of various experiments presented in the paper. I do not like this type of data being relegated to the supplement. Wherever specific deletions/fragments are tested, the expression level of the control and the altered forms of HJURP in the experiments should be shown together with the analysis of the results to aid interpretation. This figure is also very difficult to go through and would benefit from some effort to restructure.
We are happy to include these data in the primary figure set. The revised manuscript includes western blots of transfected constructs in figures 1B, 1D and 5B. In addition, we have included the western blots showing the degree of siRNA knockdown in each of these figures.
3) While the authors suggest a function for HCTD2, the analysis of HCTD1 is limited. They show that a region that includes HCTD1 and extends past it is involved in centromere targeting independently of dimerization and CENP-A binding. I would recommend testing a couple of additional constructs to assess whether this is a property of HCTD1 or of the region between HCTD1 and HCTD2 as this will be of considerable interest.
We fully agree with the reviewer that the identification of the information required for targeting HJURP to centromeres is an important question. In accordance with the reviewer's suggestion we further subdivided our smallest HJURP fragment that is recruited to centromere independent of dimerization (HJURP 348-555) in order to better define the centromere-targeting domain. Unfortunately, we did not observe either of these proteins recruited to the centromere (see below). The mechanism of HJURP recruitment is an extremely interesting and important question and one that is actively being examined in our lab. However, we were not able to further refine the cis-acting elements of HJURP required for this activity. Because these data do not provide any positive information beyond what is already described in the manuscript we have not included this analysis in the revised manuscript.
4) A major complaint about the manuscript is that it is very poorly put together with numerous typos (I had initially started documenting specific errors but eventually gave up as there were too many to list) One egregious example is a long paragraph in the discussion that is entirely replicated at the end, suggesting that no proofreading was done and the submission was hastily assembled. The authors need to take considerably more care preparing and submitting a revised manuscript as the poor presentation significantly detracts from their findings.
We appreciate the very constructive and instructive comments of the reviewer regarding the assembly of the manuscript. We have traced the paragraph duplication to an error in accepting and rejecting revisions prior to submission, which nevertheless should have been caught prior to submission. The new manuscript has been extensively revised and re-edited, and the duplicated paragraph removed. (Cho & Harrison, PNAS 2011) although earlier work using high salt suggested a 1:1:1 hexamer (Mizuguchi et al. Cell 2007) 
5) A minor point: biochemical analysis in yeast has shown that full-length Scm3 forms a 1:1:1 trimer with CENP-A/H4 at physiological salt
. This would merit mentioning in the discussion (I know the Cho & Harrison result is mentioned in the introduction) as it suggests that dimerization of yeast Scm3 may also occur, potentially in a regulated matter that is mimicked in vitro by high ionic strength.
We appreciate the insightful comments by the reviewer regarding the possible dimerization of the Scm3 proteins in S. cerevisiae. We have added a paragraph that addresses this concept within the discussion section of the revised manuscript. Figure 1C in the original manuscript showed the cell cycle timing and centromere recruitment of HJURP are coupled. We never observe a case where an HJURP fragment is recruited outside of G1. This is consistent with previous observation that HJURP recruitment depends on Mis18, and Mis18 is regulated by Cdk activity (Silva et al. 2012) . In the revised manuscript we have removed these data as they are not part of the central hypothesis of the manuscript. figure 2 it would be good to show a fusion that is not expected to be recruited to the array, such as 1-348, to demonstrate specificity for the assay Reviewers 1 and 3 both suggested additional negative controls for the LacO/LacI interaction assay. As disucussed above, we examined the recruitment of HJURP 1-482 by full length HJURP and HJURP 352-end. We chose HJURP 1-482, as opposed to 1-348, because it includes all the amino acids amino-terminal N-terminal to the dimerization domain. Compared with the 482-end the recruitment of the 1-482 HJURP truncated protein was minimal. Demonstrating that the major site of self-association lies within the extreme C-terminus.
For
I have some concerns about all the fusion proteins used, such as lacI, GFP, mCherry, etc. How do we know that these additional peptides are not influencing the activity of HJURP?
We feel that there are sufficient controls in each of our experiments to discount the possibility that the tags are disrupting HJURP function. GFP-HJURP is able to rescue CENP-A deposition in an HJURP siRNA knockdown experiments ( Figure 5 ). Since the GFP-tag is located at the same site in the GFP-HJURP 1-482 construct we are confident that GFP tag does not explain the inability of this protein to mediate CENP-A deposition ( Figure 5) . Similarly, the inability of HJURP1-348 to localize to centromeres is not due to disruption of localization by the GFP tag because the HJURP1-482 contains the same tag, but localizes to centromeres ( Figure 1A,E) . Therefore, we are confident that the GFP-tag is not leading to erroneous results. GFP is a globular protein and should have minimal influence on our biochemical determination of molecular weights beyond what is included in our calculations. We demonstrate LacI is not sufficient to induce recruitment of HJURP fragments to the array; therefore, it in unlikely that recruitment of HJURP-482-end to the array could be explained by a taginduced artifact.
I think the manuscript would be strengthened by experiments that demonstrate that the dimerized form HJURP binds to two molecules of CENP-A. For instance, a version of HJURP with the dimer domain should be associated with two molecules of CENP-A, whereas a version of HJURP without the dimer domain should be associated with a single molecule. This could be done in Figure 3 by assembling complexes with two different epitope tags on CENP-A, pulling down one and probing for the other.
The question raised by reviewer 3 is an interesting one. As the review suggested we co-expressed differentially tagged CENP-A (MYC and HA) along with GFP-HJURP and conducted anti-HA or anti-Myc or anti-HA IPs. Under these conditions we did not observe the co-purification of the opposing tag. This may suggest that only a single CENP-A molecule is present in the HJURP dimer as the reviewer suggests. However, the major caveat to this approach is that we do not know the relative expression of CENP-A and HJURP in the cell under our conditions of overexpression. If HJURP levels exceed CENP-A levels we expect to purify only one of the two tagged CENP-A proteins. The best approach would be to incorporate a tag into the endogenous CENP-A locus and examine the tagged and untagged copy. Because this is a negative result and there is overall confusion in the centromere field about the form of the CENP-A nucleosome, we are hesitant to introduce this data set into the manuscript. We agree that it is a very interesting question; however to fully address this question lies beyond the scope of the present manuscript and the time constraints of revisions. Figure 6 , the legend is inadequate. There is no reference to the grey ellipse with the X. The authors do not explain that the grey nucleosomes are H3 nucleosomes.
5.
We have edited Figure 6 to identify the H3 nucleosomes. We have relabeled the gray ellipse as Mis18, which plays an upstream role in HJURP recruitment through a poorly defined mechanism. We agree that although the dimerization interface mutations strongly suggest that dimerization is required for the formation of stable CENP-A nucleosomes at centromeres at some point in the cell cycle, these mutants do not discount the possibility that HJURP deposits only half a complete nucleosome. However, several groups including the Jennifer Gerton's lab, Karolin Luger's lab and ours have demonstrated that HJURP and the yeast orthologue Scm3 catalyze the formation of an octameric nucleosome in vitro. In addition, ectopic targeting of CENP-A dimerization interface mutants fail to be stably assembled at LacO arrays when targeted by HJURP, and no stable halfnucleosome intermediate is observed in these experiments (Basset et al 2012) . The reviewer is correct that the dimerization mutants have no effect on HJURP binding to CENP-A in these assays. It is an excellent question as to how the CENP-A-HJURP interaction is disrupted to further the assembly of the nucleosome, of course this must happen because HJURP is not a constitutive member of the centromere. Further biophysical experiments that examine the stepwise intermediates which bridge the formation of these two complexes are extremely important but beyond the scope of the current study. Thank you for submitting your revised manuscript for our consideration. Your study has now been seen once more by two of the original referees, whose comments are provided below. The reviewers find that their major concerns have been addressed, and they both are in principle supportive of publication in The EMBO Journal. Note, however, that reviewer #2 is not convinced that your data unambiguously demonstrate that HCTD2 mediates HJURP dimerization and suggests that the conclusions are amended through textual changes to more accurately reflect the data.
In addition, we require the modification of a few minor points:
-Please include a "conflict of interest" statement.
-Please remember to provide individual figure files in your final submission.
-The splicing of the western blot in Figure 1D and 5D is not overly apparent and should be made more obvious.
-Finally, we encourage the publication of source data, particularly for electrophoretic gels and blots, with the aim of making primary data more accessible and transparent to the reader. I am taking this opportunity to invite you to provide a single PDF/JPG/GIF file per figure comprising the original, uncropped and unprocessed scans of all gel/blot panels used in the respective figures. These should be labeled with the appropriate figure/panel number, and should have molecular weight markers; further annotation would clearly be useful but is not essential. A ZIP archive containing these individual files can be uploaded upon resubmission (selecting " Figure Source Data" as object type) and would be published online with the article as a supplementary "Source Data" file.
I will now return your manuscript to you for one additional round of minor revision. After that we should be able to proceed with formal acceptance and production of the manuscript! If you have any questions, please do not hesitate to contact me directly.
2nd Revision -authors' response 23 May 2013
We are pleased to submit a revised manuscript entitled "Dimerization of the centromere specific assembly factor HJURP is required for CENP-A nucleosome deposition" (EMBOJ-2012-83402).
We have made several revisions to the text in order to address the concerns of reviewer #2 regarding the degree to which we have provided definitive evidence for the dimerization of HJURP specifically through the HCTD2. We yield that our in vivo data do not completely eliminate the possibility that other domains may contribute to HCTD2-mediated multimerization, as such we have tempered our manuscript on this point. However, our in vitro data clearly show that the HCTD2-only containing fragment self-associates as a dimer. And so we feel that our model faithfully integrates the data from across the variety of approaches we have used in this manuscript.
As requested we have added lines in figure 1D , 5B (your letter said 5D, but I think you meant 5B) as well as 1B and 3B to provide a clear indication where blots are not derived from contiguous lanes. We also note that the blots in figure 1B were replaced to ensure proper alignment to the molecular weights, but the change has no effect on the data.
